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2 ) before that. The last chemotherapy cycle had been administered 3 days before the stroke. Based on these premises, he was transferred to the neurology department due to difficulty in speaking, severe and pulsatile right headache, confusion, and left-hand side hemianopsia. An urgent computed tomography (CT) brain scan without contrast showed a wide hypodense ischemic lesion at parietal and occipital right brain regions with compression of the homolateral ventricle and without hemorrhagic infarct [ Figure 1 ].
Blood tests displayed mild hypomagnesemia (0.7 mmol/l). Thrombocytopenia (53,000 cells/dl), likely due to the recent chemotherapy, was also detected.
The patient had no classic risk factors for coronary artery disease. His blood pressure was 125/80 mmHg and his physical examination was unremarkable. Basal electrocardiogram (ECG) showed sinus rhythm with normal morphology. Cardiac enzymes and troponins were within the normal range. Aortic atherosclerotic plaques had been excluded by a previous radiological examination. Echo scan of the carotid vessels showed nonsignificant atherosclerosis at his left internal carotid artery.
Due to the considerable extension of the ischemic brain lesion, a cardioembolic origin was hypothesized, and the patient was examined by means of transthoracic echocardiography. Two thrombi were detected in the left ventricle: the first (2.3 cm × 0.8 cm) was located in the heart apex, whereas the second (2.5 cm × 1.1 cm) was floating, ball-shaped, and stitched to the interventricular septum by means of a short, thin peduncle [ Figure 2 ]. Transient mild apical, mid-septal, and mid-anterior wall hypokinesia with concomitant preserved global ejection fraction (EF 59%) was also observed. These data were confirmed at transoesophageal echocardiography as well [ Figure 3 ]. At CT thoracic scan, only the cardiac apical thrombus was clearly identified [ Figure 4 ]. ECG was unchanged.
Following a diagnosis of cardioembolic stroke, the patient was transferred to the cardiology department and treated with fondaparinux (7.5 mg/day). Chemotherapy had already been finished with the sixth gemcitabine-cisplatin cycle, as usual in oncology protocols. Ischemia-inducible tests were not prescribed due to the patient's high embolic risk. However, his coronary arteries were patent at angiography. On the contrary, coagulation screening showed an increase in both von Willebrand factor Ag levels (189%, reference range: 52%-143%) and von Willebrand factor activity (218%, reference range: 52%-136%). During hospitalization, the patient did not make complaints for cardiac symptoms (chest pain, dyspnea, palpitations, and syncope). At subsequent transthoracic echocardiographic controls, hypokinesia and apical thrombus disappeared after 21 and 25 days, respectively, whereas septal thrombus reduction occurred at a slower rate. Forty-four days after admission, a contrast-enhanced cardiac magnetic resonance (1.5 scanner, Signa Hdx; GE Healthcare, Milan, Italy) revealed a significant reduction in septal thrombus dimensions (about 0.9 cm × 0.6 cm) and absent late gadolinium enhancement. Fast imaging employing steady-state acquisition sequences allowed a clear delineation between the residual thrombus and intraventricular blood (black pool). Global EF was preserved (68%) [ Figure 5a and b].
dIscussIon
Cancer patients receiving chemotherapy are at risk of developing thromboembolic adverse events, disorders of venous origin being decidedly more frequent than the arterial.
Cisplatin, a platinum-based chemotherapy drug, is associated with an increased risk of thromboembolic events although this association is merely based on case reports and retrospective studies and not confirmed in meta-analyses. [3] Cisplatin-induced thromboembolic events tend to occur early in the course of treatment, with about half occurring over the first two courses of chemotherapy. The mechanism by which cisplatin leads to vascular events is presently unknown, although endothelial damage would appear to play a major role. Other suggested hypotheses are cisplatin-induced elevation of plasma levels of von Willebrand factor and drug-induced reduction of left ventricular function. With regard to the latter, several cases of Takotsubo-like transient myocardial stunning were described. [4] Furthermore, cisplatin may cause hypomagnesemia, which in turn is associated with vasospasm and consequent hemostasis and thrombosis. [5] On the other hand, gemcitabine, an analog of the antimetabolite ara-C, is associated with an increased risk of frequently venous and rarely arterial thromboembolic events. Again, also these harmful side effects were reported more frequently in case reports and case series but not confirmed in the meta-analyses. [6] Regarding the underlying mechanism, gemcitabine may lead to thrombotic microangiopathy, a rare and potentially fatal complication. Microangiopathy is a microvascular occlusive disorder characterized by predominantly platelet thrombi in the systemic circulation. [7] This type of toxicity appears to be more frequent when using gemcitabine-platinum doublets than with gemcitabine alone, the arterial events being anecdotal compared with the venous. [3, 8] Finally, a hypercoagulable state of malignancy per se is capable of inducing the formation of thrombi. A high incidence of thromboembolic events was recently described in patients affected by urothelial cancer who were treated with cisplatin and without other risk factors for clots formation. [9] All the above mechanisms may be responsible, at least in part, for the onset of the two thrombi in the heart of our patient.
To the best of our knowledge, only one case of intraventricular thrombosis was previously reported in the literature, related to a patient with esophageal cancer, treated with cisplatin alone, and with concomitant persistent reduced left ventricular ejection. [10] This is the first report of an intraventricular-related arterial thromboembolic event in a patient treated with the combination gemcitabine-cisplatin.
In our case report, left ventricular dysfunction was transient, global EF was normal, and there was no evidence of coronary artery disease. Chemotherapy-induced thrombosis, therefore, seems to be the most likely cause underlying the intraventricular appearance of the two thrombi. Further scientific evidence should be provided to fully understand the mechanisms underlying the onset of chemotherapy-induced arterial thrombosis, which frequently becomes symptomatic only at the time of a dramatic adverse embolic event, as in the case of our patient.
A combined multimodality imaging approach, including transthoracic echo, transoesophageal echo, computed tomography, and cardiac magnetic resonance imaging, played a pivotal role for a clear diagnosis and prompt decision-making. [11] 
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